Longitudinal surveys form a record of continuities and transitions of a life as they happen, information not reliably gained through recollection or cross-section surveys. Such surveys can reveal how domains of life intertwine over time in the same person. Information from an individual's past helps unpack present observations and future expectations for that person. Multiple applications and an ability to link to administrative data make longitudinal surveys cost-effective. Analyses of such survey data may detect causation within correlation.
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Pros
Longitudinal surveys form a record of continuities and transitions of a life as they happen, information not reliably gained through recollection or cross-section surveys. Such surveys can reveal how domains of life intertwine over time in the same person. Information from an individual's past helps unpack present observations and future expectations for that person. Multiple applications and an ability to link to administrative data make longitudinal surveys cost-effective. Analyses of such survey data may detect causation within correlation.
eLeVator PitCH
Information from longitudinal surveys transforms snapshots of a given moment into something with a time dimension. It illuminates patterns of events within an individual's life and records mobility and immobility between older and younger generations. It can track the different pathways of men and women and people of diverse socio-economic background through the life course. It can join up data on aspects of a person's life, health, education, family, and employment and show how these domains affect one another. It is ideal for bridging the different silos of policies that affect people's lives.
aUtHor's MaiN MessaGe
The rich data from longitudinal surveys can illuminate patterns and drivers of change within a lifetime and across generations. Data collected on the same individuals over time can relate outcomes at one time to information on the past and record interdependence among domains, such as health, wealth, and education. The dynamic perspective on linked developments in work and family roles can guide policy by revealing, for example, converging patterns in men's and women's lives and trends in social inequalities in life chances. Longitudinal surveys can inform policy in many arenas, making it important to find ways to finance and sustain them.
Cons
Longitudinal survey data are expensive to collect and challenging to analyze. Data must be collected over a long timeframe to show relevant, long-term results. Having usable longitudinal survey data requires that informants not drop out of the survey, which limits how much information they can be asked to provide. Data confidentiality has to be safeguarded, putting hurdles across easy research access. Caution is needed in inferring causality from observational data, where changes may not be independently generated.
HeatHer JosHi | Why do we need longitudinal survey data?
MotiVatioN
Economists have long been interested in the life-cycle but have relied either on aggregate data or on repeat cross-sections of micro-data. Longitudinal surveys enrich the evidence by tracking the same person across points in time, marking transitions in the labor market or other life domains. Behind the snapshot, the longitudinal dimension reveals duration, growth or decline, changes in more than one direction, and patterns of sequences. Repeated observations enable analysts to account for the effects of unobserved but fixed characteristics on outcomes. Longitudinal data can tell how long a particular state observed in the snapshot has been going on and what preceded it. Is its value going up, down, or fluctuating? Does it show mobility, stability, or instability? Are there regular or recognizable patterns over time? Do individuals maintain a constant position, or is there movement in and out of particular states (churning), such as unemployment or low pay?
Notionally, the entity whose history is followed in longitudinal data might be a firm, a household, or a person, but this paper concentrates on the tracking of individual people. Longitudinal data can, for example, help identify what are the life chances of a poor child and how and where life chances differ if the child is a girl. Comparing data on the same individual over time and across domains can reveal when and whether people become parents, how they combine work and family life, and how they transmit advantages to their children. When people born in different years are followed over time, their different historical contexts can be compared. Their stories have compelling interest to many academic disciplines.
Information on the past helps anticipate the future. The contemporary correlation of a pair of variables might reflect a causal relationship in either direction or none, but their ordering through time helps establish causality. However "before" and "after" observations may not be sufficient for modeling complex reciprocal relationships where variables feed back on one another. Behavior may anticipate the future, such as choosing a family-friendly occupation if expecting to have children later.
DisCUssioN oF Pros aND CoNs a simplified model of men's and women's earnings profiles
A stylized example can show why longitudinal data are so important. Consider an issue of considerable concern today: the diverging earnings profiles of men and women as they move into mid-life. Figure 1 is a simplified picture of lifetime earnings for men and women of mid-level skill living through a hypothetical lifetime but ignoring historical change (living in a "timewarp"). The model uses a mix of longitudinal, current, and retrospective data to construct earnings profiles as though conditions in the UK in the 1990s held forever. By holding characteristics like education constant, the model ignores differences between cohorts (people born at different dates) (see Examples of longitudinal cohort and panel studies) that affect contemporary comparison across ages in real data. The model allows wages to be affected by previous work history as well as gender [2] .
The divergence in lifetime incomes between men and women occurs for two main, interrelated reasons-unequal pay for men and women with identical education, experience, and hours of work, and the earnings consequences of combining employment and motherhood (the mother is assumed here to have two children). The mother's earnings are reduced below those in the childless scenario because of absences from the labor market (the steep earnings dips at ages 31 and 35), part-time employment, and loss of earning power when she returns to full-time work. The size of each effect is sensitive to a host of assumptions. For example, the earnings forgone by a mother depend on her education and her age at motherhood, but such variants are not considered in the figure. The example illustrates the need for longitudinal data to explore the relationships that were simply assumed in the time-warp exercise. Some processes behind the stylized example are investigated in analyses of British cohort studies, such as the widening hourly pay gap between men and women as they enter mid-life and the impact of motherhood on employment trajectories. These are discussed below, along with some other applications of longitudinal data.
Gender patterns of pay, employment, and family arrangements
The illustration on page 1 takes data from the British cohort studies of people born in 1946, 1958, and 1970 . Evidence from earlier life is used to investigate how much differences in employment experience, education, or ability assessed in childhood account for divergence in pay for men and women as they advance into mid-life [1] .
Pay gaps between men and women in the three cohorts are recorded here at three points up to mid-career. The gaps in women's pay narrow across cohorts for those employed in their twenties, from 32% of men's pay in the 1946 cohort at age 26 in 1972, to 10% in 1996 when members of the 1970 cohort were 26 (equal pay legislation came into force in 1975). As each cohort grew older, women's pay fell further behind men's. This much would have been apparent in standard labor statistics. The longitudinal evidence helps assess whether this was simply a result of women interrupting their employment over these years for childbearing, missing out on the rewards of continuous employment that was more common among men. The analysis also controls for differences in educational attainment between men and women and in their cognitive test scores as children. While data on educational qualifications and gaps in employment can be collected from adults, perhaps unreliably, evidence of early cognitive ability cannot be established retrospectively.
The analysis, which allows for differences in education, experience, and skills (human capital) between men and women, finds a premium in the labor market for being male (the part of the gender pay gap that is unexplained by difference in human capital). This male pay premium did not entirely disappear with the introduction of equal opportunity laws in the mid-1970s; there was still some sign of it around the turn of the millennium. As in Figure 1 , the gender premium tends to widen at ages when women are more likely to have responsibility for children. Further investigation (not shown) reveals that the pay gap is particularly large for women who work part-time, many of whom have children and previous employment interruptions. However, the wage penalties of motherhood are not uniform. They are mitigated for the increasing number of women who combine careers and child-rearing by using leave and flexible employment options. Institutional variations in labor market and social policies across countries and time generate a wide spread in the international experience of a "family gap" in women's wages.
In another study, the British cohorts were used to classify sequences of employment and family building into groups with similar patterns [3] . As in the analysis of wages in the illustration on p. 1, the patterns of employment and family histories to mid-life show some convergence between men and women, but not the complete elimination of female economic disadvantage. Figure 2 shows that year-by-year histories of employment and family arrangements became increasingly diversified between the 1946 and 1970 cohorts. Patterns of labor force participation to mid-life have shifted from the traditional gender division of labor. Comparing data across different cohorts helps in understanding and monitoring demographic trends, in this case toward delayed childbearing and away from marital stability. It is also useful to inform expectations about women's income prospects in old age or after divorce.
Among cohort members who had children, patterns distinguish between those who had them early and those who had them late, with age 30 being the dividing line. Both men and women born in 1970 who had children before age 42 had them later than men and women born in 1946. Men's employment histories are dominated by full-time employment, as might be safe to assume even from a cross-section of data and as was assumed in the ultra-stylized lifetime profile in Figure 1 . Very few men had employment histories characterized by part-time employment or work breaks, while two-thirds of
women born in 1946 and one-third of women born in 1970 did. A larger share of women in the 1970 cohort had predominantly full-time jobs, because more of them had no children and more of them combined motherhood with minimally interrupted employment. The convergence of employment patterns between men and women and the postponement of childbearing were both associated with higher education. The advance toward gender equality was slower for less-educated women. Part-time employment, with its attendant low pay, was associated with earlier motherhood.
How parents' circumstances can affect children
Longitudinal data have also been analyzed to assess the impact on children of parents' employment and relationships with their partners. One question concerns the effects that a mother's employment may have on very young children. A study that looked at five child cohort studies (in Australia, Canada, Denmark, the UK, and the US) from around 2000 found little if any impact of a mother's employment on children's cognitive and behavioral development [4] . Where mothers with children under six months old worked full-time, there were a few statistically significant adverse findings, but these small estimates were dwarfed into substantive insignificance by the strong associations of child well-being with parental income and educational resources.
Many studies have used longitudinal data to explore the impact on children's academic achievement of disruptions in their parents' partnership. Among others, two used data on siblings to test assumptions of causality, one using the British Household Panel Study [5] , and another using Swedish register data [6] . Both conclude that the apparent disadvantage of the children whose parents separated was attributable to associated factors rather than the breakup itself.
Parental resources are strongly correlated with continuities in economic and social position across generations, as would be expected if a child's human capital is correlated with that of their parents. Longitudinal evidence helps to monitor and explain patterns of intergenerational mobility. It can quantify the strength of correlations between parental resources and outcomes for offspring in childhood and adulthood.
While it is possible to analyze intergenerational mobility using retrospective data, particularly when variables are broad summaries of occupation and education, information collected at a comparable time in the life-cycle of both generations offers possibilities for more accurate and nuanced analysis. Not only can longitudinal data provide more reliable information on occupation and income and more detail on schooling, training, and higher education, but such data may also include assessments of cognitive and noncognitive skills. The importance of non-cognitive skills as components of human capital is increasingly recognized, notably based on US evidence from the National Longitudinal Survey of Youth cohort, which starts in adolescence [7] .
The mature British birth cohort studies have a wide selection of evidence on non-cognitive skills, including psychological strengths and weaknesses in childhood. An exercise relating a battery of non-cognitive skills to outcomes at age 42 for the 1970 cohort found that factors such as self-regulation, self-esteem, sociability, and emotional health, taken together with cognitive ability, had varying degrees of correlation with outcomes in educational attainment, employment, health, well-being, and family formation [8] . Noncognitive skills seldom trumped cognitive ability, but they did make a contribution to the prediction of progress. While there were surprisingly few differences between men and women in the estimated effect of each skill, the estimates did suggest a distinct advantage to being male, which is in line with the finding of a male premium in wages shown in the illustration on page 1. For example, in the analysis of the chances of getting a professional or managerial job as an adult, the estimated advantage for being male is about as big as that of having cognitive ability one standard unit higher (Figure 3 ). Non-cognitive skills with a significant contribution to this measure of occupational success (those relating to self-control/self-regulation and locus of control), do not, even jointly, approach the contribution of cognitive ability or the premium for being male. Non-cognitive skills were, however, more important in predicting other adult outcomes, particularly mental wellbeing.
Studies of intergenerational continuities in income level and education have also used longitudinal data. One found evidence for a stronger association with parental education in the British cohort of 1970 than in Sweden (register data) [9] . A much-cited analysis of Figure 3 . Estimated effects of cognitive and non-cognitive skills in childhood and gender on the chances of having a top job by age 42 the incomes of fathers and sons found a reduction in intergenerational mobility from the 1958 to the 1970 cohort in Britain [10] . The focus has been on men because of the difficulty of observing a woman's permanent economic ranking in mid-life when she may be "off course" because of breaks for raising a family and may experience occupational downgrading on her return to the labor market. In a study of the British cohorts, sociologists describing trends in mobility by social class, rather than income, have recently attempted to include the social mobility of women [11] . This analysis broadly confirms that social class and income mobility are distinct, with little trend toward immobility in occupational class. There is also little gender difference in class mobility, with the exception of increasing, rather than decreasing, fluidity, possibly downward, for the most recent female cohorts.
Multidimensionality and interdisciplinary research
The discussion so far has focused on long-term surveys of cohorts, particularly those in the UK, as applied to a few examples of labor studies. However, longitudinal studies can illuminate many other economic topics, as well as other domains of human life, including information of primary interest to medicine, psychology, geography, demography, sociology, and education, as well as indicators of well-being of interest from many perspectives. This reach across disciplines, as well as across time, enriches the data set, taking individuals in the round rather than as actors in one particular field of study or as clients of one particular government agency. Epidemiologists benefit from information on family background, employment, and wealth as they trace health inequalities over the life course. Economists use biomarkers or controls for variables devised by psychologists, such as the non-cognitive skills appearing in Figure 3 . Events in education, location, employment, and living arrangements are intertwined. The variety of purposes to which the data can be applied make generalist data sets more cost-effective than specialist studies and justify conducting them on a larger scale than could be afforded for a single-focus, limited-user enquiry. Not only is there scope for interdisciplinary collaboration in crossdomain research and policy advice, there is also scope for international collaboration and comparison, especially now that cohort studies are proliferating.
examples of longitudinal cohort and panel studies
Among various sources of longitudinal data, two of the most common are large-scale cohort and panel surveys. Cohort studies follow a group of individuals setting off at the same age, often at or close to birth, while panel studies start with a sample of people of various ages at the same point in time, often taking members of households for example.
To illustrate the range of longitudinal studies, the following lists include major national cohort and panel longitudinal studies in industrial countries.
Cohort studies follow individuals from a common starting age through time.
Mature cohort studies follow a large national sample from birth or adolescence into adulthood, with data on mid-life: 
Linked administrative data
Linked administrative data registers covering entire populations have proven a valuable alternative to longitudinal survey data, especially in Scandinavian countries. An example from Sweden shows the use of administrative data in assessing the effect of family structure on the transmission of intergenerational advantage [6] . Another illustration uses Norwegian registry data to explore the long-term consequences of the age of starting school. Linking cohort or panel studies to administrative data can enhance the usefulness of both sources. Age at starting school was studied in England by linking local variation in school administration to the 1958 birth cohort data to establish more robust estimates [12] . More recently, it has been possible to exploit the National Pupil Database of all children in state schools in England, a valuable resource in itself as well as when matched with samples in the Millennium Cohort Study or Next Steps cohorts. Another promising development in US studies has been the linking of longitudinal tax return and social security data to ecological data from the census. Such data linkage has revealed the gains in adulthood of moving from a high-poverty to a low-poverty neighborhood in childhood [13] .
LiMitatioNs aND GaPs
Longitudinal data, though a valuable resource, are not without drawbacks. Creating and maintaining long-term surveys of cohorts is expensive, and often they are not followed up. Two recent attempts to establish new large and complex national cohorts, the National Children's Study in the US and the Life Study survey in the UK, have been abandoned. A shared problem was the unanticipated difficulty of recruiting participants in pregnancy (before the child had even been born), and plans to collect clinical data appear to have been over-ambitious.
Because it takes time to process the data once collected, the infrequent results take time to emerge. The investment in data collection does not produce a resource for the short term, yet most public funding is not geared to funding for the long term. Even existing studies are vulnerable in a lean funding climate.
And long-term surveys burden not only the public purse, but also respondents, who are inconvenienced by their participation with little or no remuneration. So even if funding allows for very long interviews, concerns about respondent burden pose a constraint. Respondents may find some questions intrusive and uncomfortable to answer, and they need to be assured that their response will remain confidential. Loss of cooperation is one source of survey dropout-the scourge of the longitudinal study. Surveys also lose respondents who move. Tracking movers is not impossible, but it is a cost that oneoff data collections do not face. Even when participants who move are located, their geographic dispersion increases the cost of fieldwork.
Dropout is not the only reason a survey may become unrepresentative of the population over time. A panel or cohort study can become unrepresentative of its host population unless it recruits newcomers to that population, such as immigrants. Doing so is not without problems. There may not be a sampling frame to ensure the representativeness of sampled incomers. New recruits' past histories will be incomplete. How much this matters depends on how much migration there is and how much those arriving and leaving differ from the original population. Another drawback is that the value of complete life histories becomes of historic rather than current interest as participants reach a very old age. This is less of a problem with panel studies, which start off with their subjects at a range of ages, than studies of a single cohort that start at birth or in youth.
For all their holistic attractions, multi-purpose surveys are limited in the amount of detail that can be collected on any one topic. Although multipurpose data are cost-effective, in that they can meet the needs of many users, they entail costs beyond those of their collection. Their complexity creates challenges for data management, archiving, and analysis. There may be a shortage of analysts with the requisite skills to exploit the methods that are being developed to handle longitudinal micro-data. The scarcity of analytic skills can limit the amount of use, which in turn limits the support for further investment in such data. In some cases, access is also inhibited by restrictions on who may use the data or by the protections surrounding confidentiality.
sUMMarY aND PoLiCY aDViCe
This paper has discussed the utility of data collected prospectively on the same individuals over time in a number of domains. Unlike cross-sectional surveys, longitudinal surveys can provide information on duration, persistence, and sequences. They can relate outcomes at one point in time to information from the past, within or across domains and sometimes across generations. Longitudinal survey data can trace the consequences for the later course of life of accidents of birth and many aspects of the environment. The illustrations presented here reveal the incomplete long-term transition toward gender equality in the UK, as well as the persistent influences of family of origin.
Longitudinal data can also shed light on human capital accumulation and returns, as well as provision for old age. An individual's progress through education and the labor market
